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1
MANAGED FIBER CONNECTIVITY
SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/679,485, filed Aug. 3, 2012, and titled
“Managed Fiber Connectivity Systems,” the disclosure of
which is hereby incorporated herein by reference.

BACKGROUND

In communications infrastructure installations, a variety
of communications devices can be used for switching,
cross-connecting, and interconnecting communications sig-
nal transmission paths in a communications network. Some
such communications devices are installed in one or more
equipment racks to permit organized, high-density installa-
tions to be achieved in a limited space.

Communications devices can be organized into commu-
nications networks, which typically include numerous logi-
cal communication links between various items of equip-
ment. Often a single logical communication link is
implemented using several pieces of physical communica-
tion media. For example, a logical communication link
between a computer and an inter-networking device such as
a hub or router can be implemented as follows. A first cable
connects the computer to a jack mounted in a wall. A second
cable connects the wall-mounted jack to a port of a patch
panel, and a third cable connects the inter-networking device
to another port of a patch panel. A “patch cord” cross
connects the two together. In other words, a single logical
communication link is often implemented using several
segments of physical communication media.

Network management systems (NMS) are typically aware
of logical communication links that exist in a communica-
tions network, but typically do not have information about
the specific physical layer media (e.g., the communications
devices, cables, couplers, etc.) that are used to implement
the logical communication links. Indeed, NMS systems
typically do not have the ability to display or otherwise
provide information about how logical communication links
are implemented at the physical layer level.

SUMMARY

The present disclosure relates to optical adapters and
optical connectors that provide physical layer management
capabilities. In accordance with certain aspects, the disclo-
sure relates to LC-type optical adapters and L.C-type optical
connectors. In other implementations, the physical layer
management capabilities can be applied to other types of
optical connectors (e.g., MPO-type connectors, SC-type
connectors, LX.5-type connectors, FC-type connectors, ST-
type connectors, etc.) and adapters. In still other implemen-
tations, the physical layer management capabilities can be
applied to electrical connectors (e.g., RJ-45 type connectors)
and sockets.

In some implementations, a connectorized media cable
includes at least one primary media segment; a first plug
connector coupled to a first end of the media segment; and
a second plug connector coupled to a second end of the
media segment. The first plug connector includes a first
storage device having memory configured to store physical
layer information pertaining to the cable. The first storage
device also includes at least four contacts. At least three of
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these contacts connect to a memory on the first storage
device. The four contacts are isolated from the primary
media segment. The second plug connector includes a
second storage device having memory configured to store
physical layer information pertaining to the cable. The
second storage device also includes at least four contacts. At
least three of these contacts connect to a memory on the
second storage device. The four contacts of each storage
device are isolated from the primary media segment. The
media cable also includes an electrical conductor extending
along the media cable between a fourth one of the contacts
of the first plug connector and a fourth one of the contacts
of the second plug connector.

In other implementations, a coupler assembly includes a
coupler device defining at least one port having a primary
communications interface and a media reading interface;
and an electrical device mounted to the coupler device. The
media reading interface includes four contact members that
are each isolated from each other and from the primary
communications interface. The electrical device is electri-
cally coupled to one of the four contact members at the port.

In other implementations, a method of detecting a broken
cable having plug connectors at opposite ends includes
applying a power signal to a first of four contacts of a PLM
interface at a first end of the cable; applying a grounding
signal to a second of the four contacts of the PLM interface
at the first end of the cable; applying a PLM signal to a third
of the four contacts of the PLM interface at the first end of
the cable; and applying a continuity signal to a fourth of the
four contacts of the PLM interface at the first end of the
cable.

In other implementations, a method of detecting a broken
cable having plug connectors at opposite ends includes
receiving a power signal at a first of four contacts of a PLM
interface at a second end of the cable; receiving a grounding
signal at a second of the four contacts of the PLM interface
at the second end of the cable; receiving a PLM signal at a
third of the four contacts of the PLM interface at the second
end of the cable; determining whether a continuity signal is
received at a fourth of the four contacts of the PLM interface
at the second end of the cable; and triggering an alarm when
the continuity signal is not received.

In other implementations, a method of powering a detec-
tor at a coupler device using a cable having first and second
ends terminated at plug connectors includes receiving a
VDC power signal at a first of four contacts of a storage
device at the second end of the cable and directing the VDC
power signal to a processor; receiving a grounding signal at
a second of the four contacts of the storage device at the
second end of the cable and directing the grounding signal
to the processor; receiving a PLM signal at a third of the four
contacts of the storage device at the second end of the cable
and directing the data signal to the processor; receiving a DC
power signal at a fourth of the four contacts of the storage
device at the second end of the cable; and directing the DC
power signal to a sensor or detection device that is electri-
cally coupled to the port of the coupler device. The storage
device and the processor are isolated form at least a first
media segment extending through the cable.

In other implementations, a method of managing physical
layer information within a communications system includ-
ing at least a coupler device and at least a cable terminated
by a plug connector having a storage device includes receiv-
ing a power signal at a first of four contacts of the storage
device; receiving a grounding signal at a second of the four
contacts of the storage device; receiving a first data man-
agement signal at a third of the four contacts of the storage
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device; and receiving a second data management signal at a
fourth of the four contacts of the storage device. The first and
second data management signals are generated using a
two-wire serial communication protocol.

A variety of additional inventive aspects will be set forth
in the description that follows. The inventive aspects can
relate to individual features and to combinations of features.
It is to be understood that both the forgoing general descrip-
tion and the following detailed description are exemplary
and explanatory only and are not restrictive of the broad
inventive concepts upon which the embodiments disclosed
herein are based.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the description, illustrate several
aspects of the present disclosure. A brief description of the
drawings is as follows:

FIG. 1 is a block diagram of one embodiment of a
communications management system that includes PLI
functionality as well as PLM functionality in accordance
with aspects of the present disclosure;

FIG. 2 is a block diagram of one high-level example of a
coupler assembly and media reading interface that are
suitable for use in the management system of FIG. 1 in
accordance with aspects of the present disclosure;

FIG. 3 illustrates connector system including an example
communications coupler assembly, which includes a coupler
device and a circuit board, and at least two connector
arrangements that each include a storage device;

FIG. 4 is a perspective view of one of the connector
arrangements of FIG. 3;

FIG. 5 is an enlarged view of the storage device of FIG.
4;

FIG. 6 is perspective view of a coupler device of FIG. 3
with the circuit board removed so that a slotted surface is
visible;

FIG. 7 is a cross-section view of the coupler assembly of
FIG. 3 with a connector plugged into one of the ports so that
an interaction between a port contact member and a plug
storage contact is visible;

FIG. 8 is a schematic block diagram of an example cable
(e.g., optical fiber cable, electrical cable, etc.) that is termi-
nated at opposite ends by connectors, which each have
storage devices having four contacts that may be used for
any of a variety of applications; and

FIG. 9 is a schematic diagram of an example Small
Form-factor Pluggable module.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
aspects of the present disclosure that are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.

Reference will now be made in detail to exemplary
aspects of the present disclosure that are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.

In accordance with some aspects of the disclosure, an
example communications and data management system
includes at least part of a communications network along
which communications signals pass. Media segments con-
nect equipment of the communications network. Non-lim-

15

20

25

30

35

40

45

50

4

iting examples of media segments include optical cables,
electrical cables, and hybrid cables. This disclosure will
focus on optical media segments. The media segments may
be terminated with optical plug connectors, media convert-
ers, or other optical termination components.

In accordance with aspects of the disclosure, the commu-
nications and data management system provides physical
layer information (PLI) functionality as well as physical
layer management (PLM) functionality. As the term is used
herein, “PLI functionality” refers to the ability of a physical
component or system to identify or otherwise associate
physical layer information with some or all of the physical
components used to implement the physical layer of the
system. As the term is used herein, “PLM functionality”
refers to the ability of a component or system to manipulate
or to enable others to manipulate the physical components
used to implement the physical layer of the system (e.g., to
track what is connected to each component, to trace con-
nections that are made using the components, or to provide
visual indications to a user at a selected component).

As the term is used herein, “physical layer information”
refers to information about the identity, attributes, and/or
status of the physical components used to implement the
physical layer of the communications system. Physical layer
information of the communications system can include
media information, device information, and location infor-
mation. Media information refers to physical layer informa-
tion pertaining to cables, plugs, connectors, and other such
physical media. Non-limiting examples of media informa-
tion include a part number, a serial number, a plug type, a
conductor type, a cable length, cable polarity, a cable
pass-through capacity, a date of manufacture, a manufactur-
ing lot number, the color or shape of the plug connector, an
insertion count, and testing or performance information.
Device information refers to physical layer information
pertaining to the communications panels, inter-networking
devices, media converters, computers, servers, wall outlets,
and other physical communications devices to which the
media segments attach. Location information refers to
physical layer information pertaining to a physical layout of
a building or buildings in which the network is deployed.

In accordance with some aspects, one or more of the
components (e.g., media segments, equipment, etc.) of the
communications network are configured to store physical
layer information pertaining to the component as will be
disclosed in more detail herein. Some components include
media reading interfaces that are configured to read stored
physical layer information from the components. The physi-
cal layer information obtained by the media reading inter-
face may be communicated over the network for processing
and/or storage.

FIG. 1 is a block diagram of one example implementation
of'a communications management system 200 that includes
PLI functionality as well as PLM functionality. The man-
agement system 200 comprises a plurality of connector
assemblies 202 (e.g., patch panels, blades, optical adapters,
electrical jacks, media converters, transceivers, etc.), con-
nected to an IP network 218. Each connector assembly 202
includes one or more ports 204, each of which is configured
to receive a media segment for connection to other media
segments or equipment of the management system 200. For
the purposes of this disclosure, optical connector assemblies
202 and optical media segments will be described. In other
implementations, however, electrical connector assemblies
and media segments may be used.

At least some of the connector assemblies 202 are
designed for use with optical cables that have physical layer
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information stored in or on them. The physical layer infor-
mation is configured to be read by a programmable proces-
sor 206 associated with one or more connector assemblies
202. In general, the programmable processor 206 commu-
nicates with memory of an optical cable using a media
reading interface 208. In some implementations, each of the
ports 204 of the connector assemblies 202 includes a respec-
tive media reading interface 208. In other implementations,
a single media reading interface 208 may correspond to two
or more ports 204.

In FIG. 1, four example types of connector assembly
configurations 210, 212, 214, and 215 are shown. In the first
connector assembly configuration 210, each connector
assembly 202 includes its own respective programmable
processor 206 and its own respective network interface 216
that is used to communicatively couple that connector
assembly 202 to an Internet Protocol (IP) network 218. In
the second type of connector assembly configuration 212,
connector assemblies 202 are grouped together in proximity
to each other (e.g., in a rack, rack system, patch panel,
chassis, or equipment closet). Each connector assembly 202
of the group includes its own respective programmable
processor 206. However, not all of the connector assemblies
202 include their own respective network interfaces 216.

In the third type of connector assembly configuration 214,
some of the connector assemblies 202 (e.g., “masters™) in
the group include their own programmable processors 206
and network interfaces 216, while others of the connector
assemblies 202 (e.g., slaves”) do not include their own
programmable processors 206 or network interfaces 216.
Each programmable processor 206 is able to carry out the
PLM functions for both the connector assembly 202 of
which it is a part and any of the slave connector assemblies
202 to which the master connector assembly 202 is con-
nected via the local connections.

In the fourth type of connector assembly configuration
215, each of the connector assemblies 202 in a group
includes its own “slave” programmable processors 206.
Each slave programmable processor 206 is configured to
manage the media reading interfaces 208 to determine if
physical communication media segments are attached to the
port 204 and to read the physical layer information stored in
or on the attached physical communication media segments
(if the attached segments have such information stored
therein or thereon). Each of the slave programmable pro-
cessors 206 in the group also is communicatively coupled to
a common “master” programmable processor 217. The
master processor 217 communicates the physical layer infor-
mation read from by the slave processors 206 to devices that
are coupled to the IP network 218. For example, the master
programmable processor 217 may be coupled to a network
interface 216 that couples the master processor 217 to the IP
network 218.

In accordance with some aspects, the communications
management system 200 includes functionality that enables
the physical layer information captured by the connector
assemblies 202 to be used by application-layer functionality
outside of the traditional physical-layer management appli-
cation domain. For example, the management system 200
may include an aggregation point 220 that is communica-
tively coupled to the connector assemblies 202 via the IP
network 218. The aggregation point 220 can be implemented
on a standalone network node or can be integrated along
with other network functionality.

The aggregation point 220 includes functionality that
obtains physical layer information from the connector
assemblies 202 (and other devices) and stores the physical
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layer information in a data store. The aggregation point 220
also can be used to obtain other types of physical layer
information. For example, this information can be provided
to the aggregation point 220, for example, by manually
entering such information into a file (e.g., a spreadsheet) and
then uploading the file to the aggregation point 220 (e.g.,
using a web browser) in connection with the initial instal-
lation of each of the various items. Such information can
also, for example, be directly entered using a user interface
provided by the aggregation point 220 (e.g., using a web
browser).

The management system 200 also may include a network
management system (NMS) 230 includes PLI functionality
232 that is configured to retrieve physical layer information
from the aggregation point 220 and provide it to the other
parts of the NMS 230 for use thereby. The NMS 230 uses the
retrieved physical layer information to perform one or more
network management functions. In certain implementations,
the NMS 230 communicates with the aggregation point 220
over the IP network 218. In other implementations, the NMS
230 may be directly connected to the aggregation point 220.

An application 234 executing on a computer 236 also can
use the API implemented by the aggregation point 220 to
access the PLI information maintained by the aggregation
point 220 (e.g., to retrieve such information from the aggre-
gation point 220 and/or to supply such information to the
aggregation point 220). The computer 236 is coupled to the
IP network 218 and accesses the aggregation point 220 over
the IP network 218.

One or more inter-networking devices 238 used to imple-
ment the IP network 218 include physical layer information
(PLI) functionality 240. The PLI functionality 240 of the
inter-networking device 238 is configured to retrieve physi-
cal layer information from the aggregation point 220 and use
the retrieved physical layer information to perform one or
more inter-networking functions. Examples of inter-net-
working functions include Layer 1, Layer 2, and Layer 3 (of
the OSI model) inter-networking functions such as the
routing, switching, repeating, bridging, and grooming of
communication traffic that is received at the inter-network-
ing device.

Additional details pertaining to example communications
management system 200 can be found in U.S. application
Ser. No. 13/025,841, filed Feb. 11, 2011, and titled “Man-
aged Fiber Connectivity Systems,” the disclosure of which
is hereby incorporated herein by reference.

FIG. 2 is a schematic diagram of one example connector
assembly 110 configured to collect physical layer informa-
tion from a connector arrangement 120 terminating a media
segment 122. The example connector assembly 120 of FIG.
2 is configured to connect segments of optical physical
communications media in a physical layer management
system. The connector assembly 110 includes a fiber optic
adapter defining at least one connection opening 111 having
a first port end 112 and a second port end 114. A sleeve (e.g.,
a split sleeve) 103 is arranged within the connection opening
111 of the adapter 110 between the first and second port ends
112, 114. Each port end 112, 114 is configured to receive a
connector arrangement as will be described in more detail
herein.

A first example segment of optical physical communica-
tion media includes a first optical fiber 122 terminated by a
first connector arrangement 120. A second example segment
of optical physical communication media includes a second
optical fiber 132 terminated by a second connector arrange-
ment 130. The first connector arrangement 120 is plugged
into the first port end 112 and the second connector arrange-
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ment 130 is plugged into the second port end 114. Each fiber
connector arrangement 120, 130 includes a ferrule 124, 134
through which optical signals from the optical fiber 122,
132, respectively, pass.

The ferrules 124, 134 of the connector arrangements 120,
130 are aligned by the sleeve 103 when the connector
arrangements 120, 130 are inserted into the connection
opening 111 of the adapter 110. Aligning the ferrules 124,
134 provides optical coupling between the optical fibers
122, 132. In some implementations, each segment of optical
physical communication media (e.g., each optical fiber 122,
132) carries communication signals. The aligned ferrules
124, 134 of the connector arrangements 120, 130 create an
optical path along which the communication signals may be
carried.

In some implementations, the first connector arrangement
120 may include a storage device 125 that is configured to
store physical layer information (e.g., an identifier and/or
attribute information) pertaining to the segment of physical
communications media (e.g., the first connector arrangement
120 and/or the fiber optic cable 122 terminated thereby). In
some implementations, the connector arrangement 130 also
includes a storage device 135 that is configured to store
information (e.g., an identifier and/or attribute information)
pertaining to the second connector arrangement 130 and/or
the second optic cable 132 terminated thereby.

In one implementation, each of the storage devices 125,
135 is implemented using an EEPROM (e.g., a PCB surface-
mount EEPROM). In other implementations, the storage
devices 125, 135 are implemented using other non-volatile
memory device. Each storage device 125, 135 is arranged
and configured so that it does not interfere or interact with
the communications signals communicated over the media
segments 122, 132.

In accordance with some aspects, the adapter 110 is
coupled to at least a first media reading interface 116. In
certain implementations, the adapter 110 also is coupled to
at least a second media interface 118. In some implemen-
tations, the adapter 110 is coupled to multiple media reading
interfaces. In certain implementations, the adapter 110
includes a media reading interface for each port end defined
by the adapter 110. In other implementations, the adapter
110 includes a media reading interface for each connection
opening 111 defined by the adapter 110. In still other
implementations, the adapter 110 includes a media reading
interface for each connector arrangement that the adapter
110 is configured to receive. In still other implementations,
the adapter 110 includes a media reading interface for only
a portion of the connector arrangement that the adapter 110
is configured to receive.

In some implementations, at least the first media reading
interface 116 is mounted to a printed circuit board 115. In the
example shown, the first media reading interface 116 of the
printed circuit board 115 is associated with the first port end
112 of the adapter 110. In some implementations, the printed
circuit board 115 also can include the second media reading
interface 118. In one such implementation, the second media
reading interface 1818 is associated with the second port end
114 of the adapter 110.

The printed circuit board 115 of the connector assembly
110 can be communicatively connected to one or more
programmable processors (e.g., processors 216 of FIG. 1)
and/or to one or more network interfaces (e.g., network
interfaces 216 of FIG. 1). The network interface may be
configured to send the physical layer information to a
physical layer management network (e.g., see IP network
218 of FIG. 1). In one implementation, one or more such
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processors and interfaces can be arranged as components on
the printed circuit board 115. In another implementation, one
or more such processor and interfaces can be arranged on
separate circuit boards that are coupled together. For
example, the printed circuit board 115 can couple to other
circuit boards via a card edge type connection, a connector-
to-connector type connection, a cable connection, etc.

When the first connector arrangement 120 is received in
the first port end 112 of the adapter 110, the first media
reading interface 1816 is configured to enable reading (e.g.,
by the processor) of the information stored in the storage
device 125. The information read from the first connector
arrangement 120 can be transferred through the printed
circuit board 115 to a physical layer management network,
e.g., network 218 of FIG. 1, etc. When the second connector
arrangement 130 is received in the second port end 114 of
the adapter 110, the second media reading interface 118 is
configured to enable reading (e.g., by the processor) of the
information stored in the storage device 135. The informa-
tion read from the second connector arrangement 130 can be
transferred through the printed circuit board 115 or another
circuit board to the physical layer management network.

In some such implementations, the storage devices 125,
135 and the media reading interfaces 116, 118 each comprise
three (3) leads—a power lead, a ground lead, and a data lead.
The three leads of the storage devices 125, 135 come into
electrical contact with three (3) corresponding leads of the
media reading interfaces 116, 118 when the corresponding
media segment is inserted in the corresponding port. In
certain example implementations, a two-line interface is
used with a simple charge pump. In still other implementa-
tions, additional leads can be provided (e.g., for potential
future applications). Accordingly, the storage devices 125,
135 and the media reading interfaces 116, 118 may each
include four (4) leads, five (5) leads, six (6) leads, etc.

FIGS. 3-7 illustrate an example implementation of a
connector system that can be utilized on a connector assem-
bly (e.g., a communications panel) having PLI functionality
as well as PLM functionality. One example connector
assembly on which the connector system can be imple-
mented is a bladed chassis. The connector system includes
at least one example communications coupler assembly
4200 and at least two connector arrangements 4100.

The communications coupler assembly 4200 is config-
ured to be mounted to a connector assembly, such as a
communications blade or a communications panel. One or
more connector arrangements 4100, which terminate seg-
ments 4010 of communications media, are configured to
communicatively couple to other segments of physical com-
munications media at the coupler assembly 4200. Accord-
ingly, communications data signals carried by a media
segment 4010 terminated by a first connector arrangement
4100 can be propagated to another media segment 4010
(e.g., terminated by a second connector arrangement 4100)
through the communications coupler assembly 4200.

An example implementation of a connector arrangement
4100 is shown in FIG. 4. The connector arrangement 4100
includes one or more fiber optic connectors 4110, each of
which terminates one or more optical fibers 4010 (FIG. 3).
In the example shown in FIGS. 3 and 4, each connector
arrangement 4100 defines a duplex fiber optic connector
arrangement including two fiber optic connectors 4110 held
together using a clip 4150. In another example implemen-
tation, a connector arrangement 4100 can define a simplex
fiber optic connector 4110.

As shown in FIG. 4, each fiber optic connector 4110
includes a connector body 4111 protecting a ferrule 4112
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that retains an optical fiber 4010. The connector body 4111
is secured to a boot 4113 for providing bend protection to the
optical fiber 4010. In the example shown, the connector
4110 is an LC-type fiber optic connector. The connector
body 4111 includes a fastening member (e.g., latch arm)
4114 that facilitates retaining the fiber optic connector 4110
within a passage 4215 in the communications coupler
assembly 4200.

The connector arrangement 4100 can be configured to
store physical layer information. For example, a storage
device 4130 may be installed on or in the body 4111 of one
or more of the fiber optic connectors 4110 of each connector
arrangement 4100. In the example shown in FIG. 4, the
storage device 4130 is installed on only one fiber optic
connector 4110 of a duplex connector arrangement 4100. In
other implementations, however, a storage device 4130 may
be installed on each fiber optic connector 4110 of a connec-
tor arrangement 4100.

FIG. 5 shows one example storage device 4130 that
includes a printed circuit board 4131 on which memory
circuitry can be arranged. Electrical contacts 4132 also may
be arranged on the printed circuit board 4131 for interaction
with a media reading interface of the communications
coupler assembly 4200 (described in more detail herein). In
one example implementation, the storage device 4130
includes an EEPROM circuit arranged on the printed circuit
board 4131. In one example implementation, an EEPROM
circuit is arranged on the non-visible side of the circuit board
4131 in FIG. 5 (e.g., in a cavity 4116 defined in a key area
4115 of the connector 4110). In other implementations,
however, the storage device 4130 can include any suitable
type of non-volatile memory.

In the example shown in FIG. 5, the storage device 4130
includes four contact members 4132. In some implementa-
tions, the contacts 4132 have different lengths. In certain
implementations, the contacts 4132 have different shapes.
For example, in some implementation, the contacts 4132
include one or more contact members 4132' that have
generally rounded ends at one or both ends of the contact
members 4132'. In certain implementations, the contacts
4132 also include one or more contact members 4132" that
are generally L-shaped. In the example shown, the L.-shaped
contacts 4132" are longer than the rounded end contacts
4132'. In other implementations, however, the contacts 4132
may have the same length or may each have different
lengths.

FIGS. 6 and 7 show one example implementation of a
communications coupler assembly 4200 implemented as a
fiber optic adapter. The example communications coupler
assembly 4200 includes an adapter housing 4210 defining
one or more passages 4215 configured to align and interface
two or more fiber optic connectors 4110 (e.g., see FIG. 3).
In other example implementations, however, one or more
passages 4215 can be configured to communicatively couple
together a fiber optic connector 4110 with a media converter
(not shown) to convert the optical data signals into electrical
data signals, wireless data signals, or other such data signals.
In other implementations, however, the communications
coupler assembly 4200 can include an electrical termination
block that is configured to receive punch-down wires, elec-
trical plugs (e.g., for electrical jacks), or other types of
electrical connectors.

As shown in FIG. 3, a printed circuit board 4220 is
configured to secure (e.g., via fasteners 4222) to the adapter
housing 4210. Non-limiting examples of suitable fasteners
4222 include screws, snaps, and rivets. For ease in under-
standing, only a portion of the printed circuit board 4220 is
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shown in FIG. 3. It is to be understood that the printed circuit
board 4220 electrically connects to a data processor and/or
to a network interface (e.g., the processor 217 and network
interface 216 of FIG. 1). It is further to be understood that
multiple communications coupler housings 4210 can be
connected to the printed circuit board 4220 within a con-
nector assembly (e.g., a communications panel).

The fiber optic adapter 4210 includes one or more media
reading interfaces 4230, each configured to acquire the
physical layer information from the storage device 4130 of
a fiber optic connector 4110 plugged into the fiber optic
adapter 4210. For example, in one implementation, the
adapter 4210 can include a media reading interface 4230
associated with each passage 4215. In another implementa-
tion, the adapter 4210 can include a media reading interface
4230 associated with each connection end of each passage
4215. In still other implementations, the adapter 4210 can
include a media reading interface 4230 associated with each
of a set of passages 4215 that accommodate a connector
arrangement 4100.

In general, each media reading interface 4230 is formed
from one or more contact members 4231 (see FIG. 7). In
certain implementations, a top surface of the coupler hous-
ing 4210 defines slots 4214 (FIG. 6) configured to receive
one or more contact members 4231. In other implementa-
tions, contact members 4231 can be soldered to a printed
circuit board attached to the coupler housing 4210. When a
connector 4110 with a storage device 4130 is inserted into
one of the passages 4215 of the coupler housing 4210, the
contact pads 4132 of the storage device 4130 are configured
to align with the contact members 4231 (see FIG. 7).

The contact members 4231 extend between an external
surface of the adapter housing 4210 and the passages 4215.
Portions of each contact member 4231 engage contacts and
tracings on the printed circuit board 4220 mounted to the
slotted surface of the adapter housing 4210. Other portions
of the contact members 4231 engage the electrical contacts
4132 of the storage members 4130 attached to any connector
arrangements 4100 positioned in the passages 4215 (see
FIG. 7). A processor coupled to the circuit board 4220 can
access the memory 4133 of each connector arrangement
4100 through corresponding ones of the contact members
4231, 4131.

In some implementations, the media reading interface
4230 includes multiple contact members 4231. For example,
in certain implementations, the media reading interface 4230
includes at least a first contact member 4231 that transfers
power, at least a second contact member 4231 that transfers
data (e.g., via Serial Clock, Data Input/Output), and at least
a third contact member 4231 that provides grounding. In
certain implementation, the media reading interface 4230
includes a fourth contact member 4231. In other implemen-
tations, the media reading interface 4230 include greater or
fewer contact members 4231.

In accordance with some aspects of the disclosure, the
fourth contact member 4231 of the media reading interface
4230 and the fourth contact member 4132 of the connector
storage device 4130 support a continuity measurement that
allows the data management system (e.g., system 200 of
FIG. 1) to detect a cut or broken cable 4010. The continuity
measurement will determine if a plug connector 4110 at a
first end of a cable 4010 is disconnected from a plug
connector 4110 at an opposite end of the cable 4010.
Detecting a cut or broken cable can enhance network
security and reduce accidental downtime caused by moves,
adds, and changes of the cables connections.
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In accordance with certain aspects, the continuity mea-
surement can be used to trigger a local external alarm (e.g.,
an audible alarm, a visual alarm, an email or text alert, etc.).
For example, the alarm may be triggered when the conti-
nuity measurement is determined to have a particular value
(e.g., false) as will be discussed in more detail herein.
Triggering the alarm directly bypasses the normal PLM data
flow through the data management system, thus eliminating
delays inherent in software layered administration systems.

For example, FIG. 8 illustrates a media cable 4010
including a first connector 4110A at a first end and a second
connector 4110B at a second end of the cable 4010. Each of
the connectors 4110A, 4110B includes a storage device 4130
having a memory 4133 to which electrical contacts 4132 are
electrically coupled. A first of the contacts 4132A is con-
figured to carry power, a second of the contacts 4132B is
configured to carry data, a third of the contacts is configured
to provide grounding. A fourth contact 4132D is associated
with the continuity signal.

In some implementations, an electrical conductor (e.g., a
wire) 4135 extends through the cable 4010 from the first
connector 4110A to the second connector 4110B. The con-
ductor 4135 is electrically coupled to the fourth contact
4132D of the first connector 4110A and to the fourth contact
4132D of the second connector 4110B. A grounding wire
4137 also may extend between the ground contact 4132C of
the two connectors 4110A, 4110B.

An electrical signal may be transferred continuously or
periodically over the conductor 4135. The port contact 4231
would determine whether the signal is received at the fourth
contact member 4132D of the storage device 4130. If the
cable 4010 were cut, the signal would not be carried to the
fourth contact 4132D at one end of the cable 4010. The lack
of signal at the fourth port contact member 4231 would
constitute a false continuity reading, which may trigger an
alarm as described above. Of course, cables 4010 configured
for such applications can be used with coupler devices 4210
that do not support continuity readings since the fourth
contacts 4132D are isolated from the other contacts 4132A-
4132C and from the communications data signals carried
over the media cable 4010. Accordingly, cables 4010 with
continuity measurement capabilities would be backward
compatible with coupler devices 4210 that do not have such
capabilities.

In accordance with other aspects of the disclosure, the
fourth contact member 4231 of the media reading interface
4230 and the fourth contact member 4132D of the connector
storage device 4130 provide power (e.g., DC power) to a
device at the coupler ports 4215 or coupler device 4120.
Non-limiting examples of devices that can be powered by
the fourth contact 4132D include temperature sensors,
motion detectors, light sensors, and IP cameras. This power
delivery capability allows the sensors and/or detection
devices to be placed anywhere a port 4215 exists. To support
such an application, an electrical conductor configured to
carry DC power would need to extend through the cable
4010 between the fourth contact 4132D of the first connector
4110A and to the fourth contact 4132D of the second
connector 4110B. The power signal carried by the fourth
contacts 4132D, 4231 would be isolated from the power
signal carried by the first contacts 4132A, 4231.

In accordance with other aspects of the disclosure, the
fourth contact member 4231 of the media reading interface
4230 and the fourth contact member 4132D of the connector
storage device 4130 can be used to provide fused and current
limited +5VDC, similar to the power supplied by a current
limited USB port. The power signal carried by the fourth
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contacts 4132D, 4231 would be isolated from the power
signal carried by the first contacts 4132A, 4231.

In accordance with other aspects of the disclosure, the
fourth contact member 4231 of the media reading interface
4230 and the fourth contact member 4132D of the connector
storage device 4130 can be used to support other types of
two-wire serial communication protocols, such as Universal
Serial Asynchronous Transmitter-Receiver (USART) or
Inter-Integrated Circuit (I°C). Such communications proto-
cols might be advantageous if the plug storage device 4130
included a microcontroller, Digital Signal Processor (DSP),
or proprietary Application Specific Integrated Circuit
(ASIC) instead of the EEPROM 4133.

For example, FIG. 9 is a schematic diagram of an example
Small Form-factor Pluggable (SFP/SFP+) module 500
defining at least two ports 505. The SFP/SFP+ module 500
includes a transceiver circuit 520 and a controller (e.g., a
microcontroller) 550. The transceiver circuit 520 controls a
Transmitter Optical Subassembly (TOSA) and a Receiver
Optical Subassembly (ROSA) that align with connector plug
ferrules received at the ports 505. The controller 550 is
manages the transceiver circuit 520.

The SFP/SFP+ module 500 includes at least one media
reading interface 510 at one of the ports 505. In some
implementations, connector plugs received at the ports 505
form a duplex plug having a single storage device 4130. The
media reading interface 510 aligns with the storage device
4130 when the duplex plug is received at the ports 505. In
other implementations, each port 505 of the SFP/SFP+
module 500 includes a media reading interface 510.

In the example shown, a first contact member 512 is
coupled to power V5, a second contact member 514 is
coupled to the controller 550 via a Serial Channel Input-
Output (SCIO) line, a third contact member 516 is connected
to ground, and a fourth contact member 518 is coupled to the
controller 550 via an RST_BOOT line. A switch (e.g., a
tristate switch) SW2 is connected to the controller 550 via a
SWX_BOOT line, to power, and to the SCIO line via a
pull-up resistor. This configuration enables firmware to be
updated without removing the SFP/SFP+ module 500 from
the host switch or router.

The SWX_BOOT line is used to switch power V,,, OFF
and ON to the SCIO line (via a pull-up resistor) by control-
ling the switch SW2. The RST_BOOT line is a connection
between the fourth contact member 518 and a General
Purpose Input-Output (GPIO) line of the controller 550.
After reset or power up, the controller 550 enters a boot
loader mode during which updates can be communicated to
the controller 550. In this mode, the SCIO line is operating
as a transmit line of a USART port and the RST_BOOT line
is operating as a receive line of a USART port.

When the boot load timer has expired, the line functions
change. For example, the SCIO line is used to detect the
presence of a plug and/or to provide a serial communication
channel with the plug storage device 4130. The RST_BOOT
line is used as an external reset line. The reset line enables
the controller 550 to be externally reset, thereby forcing it to
re-enter the boot loader mode.

In use, updates can be provided to the SFP/SFP+ module
500 using a peripheral device (e.g., a laptop, a smartphone,
a tablet, etc.). The peripheral device is coupled to and drives
a boot load adapter, which can be plugged into one or more
of the ports 505 of the module 500. The peripheral device
will invoke a controller reset via the adapter, thereby causing
the controller 550 to re-enter the boot loader mode. During
the boot loader mode, the peripheral device establishes a
connection (e.g., a USART link) to the controller 550. The
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SWX_BOOT line operates the switch SW2 to turns OFF
power on the USART transmit line. When the boot load is
complete, the controller 550 is reset again. When the boot
load timer has expired, the controller 550 remaps the
USART transmit line to a SCIO line and the USART receive
line to the external reset line (RST_BOOT line).
In accordance with other aspects of the disclosure, the
fourth contact member 4231 of the media reading interface
4230 and the fourth contact member 4132D of the connector
storage device 4130 can be used to actuate and/or control
one or more external devices (e.g., devices that operate
separately from the data management system). For example,
the fourth contacts 4231, 4132D could actuate a cabinet
LED, a local audible alarm, etc. In certain implementations,
the processor coupled to the circuit board 4220 would direct
control of the external devices using the fourth contacts
4132D, 4231.
The above specification, examples and data provide a
complete description of the manufacture and use of the
composition of the invention. Since many implementations
can be made without departing from the spirit and scope of
the invention, the invention resides in the claims hereinafter
appended.
The invention claimed is:
1. A method of detecting a broken cable that includes plug
connectors at opposite ends, each plug connector including
a communications interface for communication signals and
a separate PLM interface for PLM signals, the PLM inter-
face including four contacts, the method comprising:
applying a power signal to a first of the four contacts of
the PLM interface at a first end of the cable;

applying a grounding signal to a second of the four
contacts of the PLM interface at the first end of the
cable;
applying a PLM signal to a third of the four contacts of the
PLM interface at the first end of the cable; and

applying a continuity signal to a fourth of the four
contacts of the PLM interface at the first end of the
cable, the fourth contact being isolated from the third
contact.

2. The method of claim 1, wherein the communications
interface includes an optical interface.

3. The method of claim 1, wherein the communications
interface includes an electrical interface.

4. A method of detecting a broken cable that includes plug
connectors at opposite ends, each plug connector including
a communications interface for communication signals and
a separate PLM interface for PLM signals, the PLM inter-
face including four contacts, the method comprising:
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receiving a power signal at a first of the four contacts of
the PLM interface at a second end of the cable;
receiving a grounding signal at a second of the four
contacts of the PLM interface at the second end of the
cable;
receiving a PLM signal at a third of the four contacts of
the PLM interface at the second end of the cable;
determining whether a continuity signal is received at a
fourth of the four contacts of the PLM interface at the
second end of the cable; and
triggering an alarm when the continuity signal is not
received.
5. The method of claim 4, wherein the communications
interface includes an optical interface.
6. The method of claim 4, wherein the communications
interface includes an electrical interface.
7. The method of claim 2, wherein the optical interface
includes an L.C-type plug connector.
8. The method of claim 2, wherein the optical interface
includes an MPO-type plug connector.
9. The method of claim 2, wherein the optical interface
includes an LX.5-type plug connector.
10. The method of claim 2, wherein the optical interface
includes an SC-type plug connector.
11. The method of claim 3, wherein the electrical interface
includes an RJ-45 connector.
12. The method of claim 1, further comprising receiving
a second data management signal at a fourth of the four
contacts of the storage device, wherein the first and second
data management signals are generated using a two-wire
serial communication protocol.
13. The method of claim 5, wherein the optical interface
includes an L.C-type plug connector.
14. The method of claim 5, wherein the optical interface
includes an MPO-type plug connector.
15. The method of claim 5, wherein the optical interface
includes an LX.5-type plug connector.
16. The method of claim 5, wherein the optical interface
includes an SC-type plug connector.
17. The method of claim 6, wherein the electrical interface
includes an RJ-45 connector.
18. The method of claim 4, further comprising receiving
a second data management signal at a fourth of the four
contacts of the storage device, wherein the first and second
data management signals are generated using a two-wire
serial communication protocol.
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